Abstract-This paper deals with a seam tracking system of welding of Tailored Weld Blanks based on active lasertriangulation. The system consists of DSP based vision camera and stripe-type laser diode. The total system is assembled into a compact module which can be attached ahead of welding torch and it has high dynamic performance in guiding the robot arm welder accurately over the seam. its structure, basic principle of this system and the main function are introduced . The images taken by the camera are analyzed using image processing algorithms: setting the range of interest, the median filtering and bi-level thresholding. Furthermore, the middle line of the laser stripe is extracted. Finally, a search method is carried out to examine the mid-point. A prototype sensor system has been developed and experimental results show its effectiveness and good performance.
INTRODUCTION
The welding of Tailored Weld Blanks(TWB) is the most famous and spread large-scale laser joining application in automotive industry. The benefits of tailored blanks include weight reduction, lower manufacturing/labour costs, reduced design and development time, less material, better utilization of steel, fewer spot welds and improved structural integrity [1] . The production of laser welded tailored blanks involve highly automated laser welding systems. Laser beam welding of tailored blanks requires high speed, high precision and high quality. The accuracy of the industrial robots follow a preprogrammed path is not able to guarantee a sufficient weld seam quality. Therefore, a seam tracking system with a laser-based vision sensor is used to improve the reliability of the seam quality prediction. The laser-based vision sensor is widely used due to its low cost, high resolution, positive performance in real-time and abundance of information and is one of the most promising sensors [2] [3] [4] . Automation of the welding process has helped achieve more consistent quality and better productivity, but up until now, the inspection of welds and parts has remained a tedious task often leading to inconsistent results. To cope with this increasing problem, many techniques of seam tracking and joint or weld recognition based on vision sensors have been suggested and developed [5] [6] [7] [8] [9] [10] [11] . This paper deals with a seam tracking system of welding of Tailored Weld Blanks based on active laser-triangulation. Experiment results illustrated the method is feasible. The total system assembled into a compact module which can be attached ahead of welding torch, consists of DSP based vision camera and stripe-type laser diode. This system has ability to obtain an accurate profile of the seam by using the method of triangulation [12] and it has high dynamic performance in guiding the robot arm welder accurately over the seam.
The organization of the paper is as follows: In section II, a welding visual tracking sensor system used on the automatic laser welding line is introduced in detail, include in its structure, basic principle of this system and the main function. In section III, image processing is proposed, include in: setting the range of interest based on the Radon Transform, median filtering and bi-level thresholding. In section IV, the algorithms of the middle line of the laser stripe and calculating mid-point are proposed. Section V and Section VI summarize experimental Results and discusses conclusion respectively.
II. THE VISUAL TRACKING SENSOR SYSTEM
The overall visual seam tracking system is composed of three modules: a laser stripe sensor module, a motor controller module and a monitor centre module. The laser stripe sensor module consists of a laser diode that operates at a wavelength of 660nm with an adaptive output power, a CMOS camera, an optical filter and an image processing system based on FPGA and DSP. The motor controller module consists of a motion control DSP and a cross slide which has two servo motors. The monitor centre module consists of an industrial computer and a remote control device. All the work of parameters setting and seam tracking monitoring is performed in the industrial computer. Figure. 1 shows the structure of this seam tracking system.
In robotic tailored blank welding, the laser stripe sensor is mounted in front of the welding torch, separated by a lookahead distance between the sensor and the torch where the space is limited to acquire the profile information of the weld seam. As shown in Figure. 2, the robotic visual tracking system consists of a robot control module and a vision processing module. There are two units, the main processing unit and the joint servo unit, in the robot control module. The main processing unit operates major processing, for example, the coordinate transformation for trajectory control, the sensory feedback control for seam tracking etc. The vision processing module can obtain the image data from the vision sensor and analyze it for the robot to recognize the joint or weld pool features. This information is then used in controlling robot to correct the welding torch path and adjust the values of the controllable welding process parameters. The main function of the software was to track the two corners of groove, to inspect the workpiece ahead of a welding torch and measure the joint orientation and lateral deviation, to record and measure the image size of the weld pool or plasma plume, to evaluate the groove profile, at all stages of the multipass weld, to determine the correct placement of the next bead. The software also provided the following functions: change the configuration; start tracking; stop tracking; displaying the tracking results. PC. Program operation can be broken down into four separate steps: 1) Data Read In 2) Data Filtering 3) Feature Extraction 4) Data Plotting. 
III. IMAGE PRE-PROCESSING

A. Setting the range of interest (ROI)
An original gray image captured by the CMOS camera is a 576 768(pixels) 8 (bit) matrix. It is obviously that great many data must be process while the weld is being made. In order to increase the inspection speed, setting the range of interest is necessary. The Radon Transform method is proposed in this paper. The laser stripe is along the perpendicular direction of the image. The bright pixels caused by laser stripe only occur in a limited number of rows. The Radon Transform is used along the horizontal direction and the perpendicular direction of the image. It is given by equation (1) . (1) and, f(x, y) is the gray value of the pixel in coordinates (x, y), is zero degree, x , y is the new coordinates. The maximum value point is as the centre point of the ROI window and length and width are chosen according to actual demands. 
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B. Median filtering and Bi-level thresholding
The median filtering is the best known order-statistics filter. It is necessary because of the strong noise in molten pool images. The main advantages of median filtering are that it is simple in calculating that result in higher efficiency, and it has good performances in filtering white noise and long trail noise. The median filter can also keep the detail information such as edge pieces and sharp angles. In median filtering the input pixel is replaced by the median of the pixels contained in the neighborhood. Symbolically this can be represented as:
(2) Where, W is suitably chosen neighborhood. Bi-level thresholding is to convert a common image into a binary image so that objects can be conveniently separated from the background. During the process it is necessary to set a threshold, 0 T . The threshold value 0 T is chosen according to experimental method. The transfer function Tran is as follows: Figure. 3 is the result of the image segmentation of laser stripe. 
IV. FEATURES EXTRACTION
As only the position and not the intensity of the light stripe is of interest this position is calculated in the profile extraction unit resulting in a height profile vector that is the basis for further computing. Accuracy and reliability are significantly can be seen as the mid-line of the laser stripe. A lot of algorithms such as row based maximum search, threshold methods, centre of gravity, correlation techniques, usage of the first derivative and many more have been suggested for this task. To thin the binary image of laser stripe, the average location between the left edge and the right one, which is detected from the binary image, is regarded as the middle line of the laser stripe. The equation (4) gives the principle of row based profile extraction that transforms the CCD-camera frame matrix into the height profile vector. 
V. EXPERIMENTAL RESULTS
Image processing and feature extraction experiments were conducted in robotic laser beam welding of tailored blanks (in the figure5). The butt weld seam was as the sample using the algorithm described above. In this study, the predefined threshold is 3 pixels. Fig.6 shows the result of Data Read In. It takes about 11 milliseconds to execute one times of image processing and features extraction, on a PC with 3.00GHz clock rate. After calibrating the relationship between image coordinate system and world coordinate system, the real value of mid-points' coordinate and gap width in the world coordinate system can be attained according to the value of them in the image coordinate system Fig 7 and Fig.8 show a tracking result used the method proposed in this paper. 
VI. CONCLUSIONS
This paper has described a new type of weld tracking system which is based on the active triangulation principle. The following conclusions can be drawn from this research. The tracking system and its principle used on the automatic laser welding line for tailor-welded blanks are introduced. A series of image processing and feature extraction experiments are done for butt welding seam of tailored blanks and the algorithm runs online well.
